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[57] ABSTRACT 

A product such as an x-ray sensor array includes, for each 
unit of cell circuitry, a capacitor with upper and lower 
electrodes. A conductive layer that includes highly conduc- 
tive metal such as aluminum is patterned to include the 
upper electrode of the capacitor, the contact leads of a 
switching element, and the data lines of the array. The upper 
electrode has an exposed area due to an opening in an 
insulating layer over it A conductive element, such as an 
ITO island, is formed over the insulating layer, contacting 
the exposed area of the upper electrode so that the conduc- 
tive element is electrically connected to one of the contact 
leads of the switching element through the upper electrode. 
The conductive elements of adjacent units can be separated 
by the minimum spacing necessary to ensure isolation. Or 
each unit's conductive element can be offset slightly from 
the data and scan lines and can also be pulled back from the 
channel of the switching element, which can be a TFT. 

26 Claims, 5 Drawing Sheets 
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ARRAY CIRCUITRY WITH CONDUCTIVE 
LINES, CONTACT LEADS, AND STORAGE 
CAPACITOR ELECTRODE ALL FORMED IN 
LAYER THAT INCLUDES HIGHLY 
CONDUCTIVE METAL 

BACKGROUND OF THE INVENTION 

The present invention relates to circuitry formed on a 
substrate. 

Some conventional techniques form a conductive 
element, such as a layer of indium tin oxide (TTO), over a 
unit of cell circuitry in an array. 

SUMMARY OF THE INVENTION 

The invention addresses complexities that arise in form- 
ing circuitry on a substrate. More specifically, the invention 
addresses complexities that arise in forming an array of cells 
on a substrate, where each cell includes a storage capacitor 
that has one electrode connected to a conductive element 
that lies over the electrode. 

The invention is further based on the discovery of a new 
structure that is simple and easy to produce. The new 
structure is useful for applications in which the cell circuitry 
need not be light transmissive; in which it is advantageous 
to maximize the area occupied by each cell's overlying 
conductive element; and in which it is also advantageous to 
maximize the area occupied by capacitor electrodes. Such 
applications include sensor arrays and reflective display 
arrays. 

The new structure's simplicity and ease of production 
result from forming several different features in a single 
layer of highly conductive metal. The layer includes not only 
a set of conductive lines extending across the array, but also 
includes the contact leads of a switching element and the 
upper electrode of a capacirive element One of the contact 
leads and the upper electrode are joined in the layer, and the 
upper electrode has an exposed part due to an opening in the 
insulating layer over it Therefore, the overlying conductive 
element contacts the upper electrode in the exposed part, 
providing an electrical connection to the switching element 

The new structure can thus be implemented in array 
circuitry in which each unit of cell circuitry includes a 
switching element with a semiconductor channel between 
first and second contact leads of highly conductive metal; a 
capacirive element with a dielectric between first and second 
electrodes; and a conductive element. The first contact lead 
connects electrically to a conductive line, so that the channel 
provides an electrical connection between the second con- 
tact lead and the conductive line when the channel is 
conductive. The second contact lead connects electrically to 
the second electrode of the capacirive clement, which in turn 
connects electrically to the conductive element 

The array includes several layers of material that form the 
cell circuitry. A first patterned conductive layer includes the 
first electrode of each unit of cell circuitry. A first insulating 
layer includes a capacitor dielectric that covers the first 
electrode. A second patterned conductive layer of highly 
conductive metal includes the conductive line, the first and 
second contact leads of the switching element, and the 
second electrode covering the capacitor dielectric. The sec- 
ond contact lead and the upper electrode are joined in the 
second patterned conductive layer. A second insulating layer 
extends over the upper electrode except an exposed part over 65 
which the second insulating layer has an opening. Finally, a 
third patterned conductive layer includes the conductive 
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element, which also extends over the upper electrode. The 
conductive element covers the exposed part of the upper 
electrode, so that the conductive element is electrically 
connected to the second contact lead through the second 
5 electrode. 

A product that includes the array can also have a trans- 
ducer element along the conductive elements for receiving 
signals from or providing signals to the conductive lines 
through the cell circuitry. For example, an x-ray sensor can 
io include an x-ray sensitive material such as selenium over the 
conductive elements so that each conductive element 
receives a quantity of charge carriers from a region of the 
material indicating intensity of x-ray radiation received by 
the region. 

15 The new structure can be implemented with a wide 
variety of materials and integration techniques. One suc- 
cessful implementation uses an insulating substrate such as 
glass. The array circuitry is formed at one surface of the 
substrate. 

20 The highly conductive metal can be aluminum, an alloy of 
aluminum, or another metal sufficiently conductive that 
signals can traverse the conductive lines within the switch- 
ing period of the switching elements and that capacitance 
does not cause significant delay. In some applications with 
25 low switching speeds, less conductive metals such as an 
alloy of molybdenum and chromium or an alloy of indium 
tin oxide (TTO) can be employed. 
The second patterned conductive layer can include an 
30 aluminum sublayer between protective sublayers of refrac- 
tory metal, such as titanium, tungsten, molybdenum, 
chromium, or an alloy of such metals. The first patterned 
conductive layer can be similarly formed, and can include, 
in addition to the first electrode of each celTs circuitry, the 
35 scan lines and each cell's gate lead, joined within the layer. 
The first insulating layer can include silicon nitride or 
another appropriate insulator. The channel can be formed in 
a layer of intrinsic amorphous silicon, and channel leads can 
be formed in a layer of heavily n-doped amorphous silicon. 
40 The second insulating layer can be a layer of silicon 
oxynitride or another appropriate material. It can serve as a 
passivation layer, and can extend over the conductive lines 
and over the channel and contact leads of each unit of cell 
circuitry. For better step coverage, the edge of the second 
45 insulating layer around the opening can have a tapered 
profile. 

The third patterned conductive layer can include any 
conductive material appropriate for the function of the 
conductive elements. ITO has been successfully employed, 
50 but any conductive metal or doped semiconductor material 
could be used that is sufficiently conductive to perform the 
required functions. For example, if the conductive element 
functions to receive charge carriers from a transducer or 
provide charge carriers to a transducer, the material must be 
55 sufficiently conductive to pass the required current to or 
from the transducer in the time available. Or if the conduc- 
tive element functions as a capacitor electrode, the material 
must be sufficiently conductive to spread charge over its area 
in the time available. The choice of material for the con- 
6o ductive element may also depend on characteristics other 
than conductivity, such as its function as a protective layer 
to shield the channel, as a blocking layer for charge carrier 
injection, as a buffer layer to prevent interaction between 
adjacent layers, or as a light reflecting layer. 

The product in which the invention is implemented can be 
a two-dimensional (2D) array, for example, with two sets of 
conductive lines extending in perpendicular directions. Each 
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line extending in one direction, referred to as a data line, can FIG. 5 is a cross-sectional view of the product of FIG. 3, 

provide signals to or receive signals from a column of the taken along either of the tines 5 — 5. 

array; each line extending in another direction, referred to as fig. 6 is a flow chart showing a process that produces the 

a scan line, can provide signals to select a row of the array. product of FIG. 3. 

The product can be an array with M scan lines and N data 5 nG. 7 is a schematic diagram showing an alternative 

lines. For the mth scan line and the nth data line, the array implementation of the layout in FIG. 3. 
can include (raxn)th cell circuitry near the crossing region 

where the nth data line crosses the mth scan line, the cell DETAILED DESCRIPTION 

circuitry including a switching element, a capacitive A rrtnfVmtliai > 

element, and a conductive element as described above. 10 _ M>nce P mai rrameworK 

~*+u~ /™ \*u ii ! The following conceptual framework is helpful in undcr- 

The conductive element of the (mxn)th cell circuitry can . «• T~* A c . a ± 

from the conductive element of an adjacent cell's circuitry * 'Circuitry or a circuit* is any physical arrangement of 

by a spacing just sufficient for isolation. The second insu- mat ?° res P ond to a fet ^ received at «« 

lating layer can be sufficiently thick that coupling between J ocat ! on 01 by P royidm g a second si gnal at another 

the conductive element and the scan line does not signifi- locatI 1 on or where toe or of second 

cantly slow propagation of signals on the scan and data lines. 81gIial prates information about timing or content of the 

Alternatively, the conductive element can be offset from the 20 signal. Circuitry "transfers" a first signal when it 

edges of the scan lines and data lines sufficiently to avoid receives me S1 g^ « a first location and, in response, 

introducing noise due to charge carrier injection or cross- P™ 1 ^* &e second signal at a second location. 

talir Any two components are "connected** when there is a 

Each unit's conductive element can also cover the contact ° f ** ttansfer signals from one of 

leads and channel, to protect the unit's switching element 25 At ™ m P° nen fc Jo the othet For example, two components 

from back channel formation. Alternatively, the conductive ^ ^ected by any combmabon of connections between 

element can cover only the second contact lead but not the Aem * at f 8 " 8 ^ of SlgnalS from one of me com - 

channel or the first contact lead to avoid introducing noise P onen,s £ * C ^ ""V**** "electrically 

from the scan line through a gate lead that extends under the , ^ • f V combillatl ° n ^ circuitty that can 

channel or from the data line that is connected to the first 30 transfer ^ c ^ one to *» «*« ^ com P°- 

contact lead. nents C0,M be ^ecTieally connected even though they are 

. .. , . , not physically connected, such as through a capacitive 

The new structure described above is advantageous coupling 

because it allows several features to be formed by patterning . « u^_. » ■ « r 

a single layer that includes highly conductive metal. As a „ J^S*** * ' "* ° f ° aatenal h °? » ( ,? uri f e . 81 

resultTthe required number of process steps is reduced. In 35 J^X^/T^ ? TT* ^ SuIatm S 

ad^tion.thestructure'ssiraplic^makesitmorerobustthan SUbS * ate 13 a SUbstrate through wbjch no dednc culrent 

more complex structures. 080 w " 

In comparison with techniques in which a conductive ^y^'^^^^^fo^iov^smf^ 

element^ITOistheupperelementofacapacitor.menew ,0 SSfSC2?.^f M surf8ce ' w ^ on " ide 

structure described abovVprovides a largerchargc sensing ^ ^ s,Bf f* *i d 81101,161 sl f e awa V to surface, 

area and a higher fill factor/Tle area of the capacitor is only A layer may mclude two or more layers witmn it, referred to 

about 50% ofless of the area of a unit of drcuitry, but the ritio^mav^arv ^ homogeneous or its compo- 

new structure described above has been successfully used to _ 

obtain an 86% fill factor. With the new structure, the fill 45 To . f ch 18 to rcmove of one OT morc ^™ of 

factor attainable is limited only by the minimum spacing material. 

necessary for isolation between conductive elements. ^ "etcbant" is a fluid used to etch. 

When extended over the contact leads and channel as To P^ 0 ™ "physical vapor deposition*' is to cause a 

described above, the conductive element shields the channel material to be deposited on a physical structure without a 

from high voltage and reduces the amount of charge built up 50 chemical reaction. Examples include sputtering, vacuum 

on the surface of a unit of cell circuitry in an array. evaporation, and e-beam deposition. 

The following description, the drawings, and the claims To perform "chemical vapor deposition" is to cause a 

further set forth these and other aspects, objects, features, material to be deposited on a physical structure by use of 

and advantages of the invention. reactant gases and an energy source to produce a gas-phase 

55 chemical reaction. The energy source could be thermal, 

BRIEF DESCRIPTION OF THE DRAWINGS optical, or plasma in nature; "plasma enhanced chemical 

xytn , . « *s i . . vapor deposition** uses a plasma energy source. 

FIG. 1 is a schematic layout diagram showing a product, \ „ M . » , . * . 

with an array in which a conductive line, first and^econd f ^ ^ dep ° SltS * lay f b ? fP°T g * 

contact leads, and a capacitive electrode are all formed in a { orm ?? e kyer ' such 88 by P hysical 01 dMamcal ^P 01 

layer that includes a highly conductive metal. 60 ae P° sl ^°?' 

xnn i Sm o „~u~~ ^ ^ i v * * . t™ To perform lithography** is to use a radiation source to 

FIG. 2 is aschematic cross section along line 2-2 in FIG. mask pattern to a layer of radiation-senritive 

material and then to develop the radiation-sensitive material 

FIG. 3 is a schematic layout diagram of a product imple- to obtain a positive or negative copy of themaskpattern.The 

mentmg features shown in FIGS. 1 and 2. ^ transferred pattern that results from development may be 

FIG. 4 is a cross-sectional view of the product of FIG. 3, referred to as a "pattern of mask material" if it is to be used 

taken along the line 4—4. for etching. 
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An "electric circuit" is a circuit within which components Edges of two layers or parts of layers in a thin-film 

are electrically connected. An "electric structure" is aphysi- structure are "approximately aligned" if their projections 

cal structure that includes one or more electric circuits. onto the surface of the substrate at which the thin-film 

A "thin-film structure" is an electric structure that is structure is formed are approximately the same, 

formed at a surface of an insulating substrate. A thin-film 5 Edges of two layers or parts of layers are "slightly offset" 

structure could be formed, for example, by deposition and from each other if their projections onto the surface of the 

patterned etching of films on the insulating substrate's substrate are at slightly different positions, 

surface. A component in one layer is "between" edges in another 

During production of an electric structure at a surface, a layer if the projection of the component onto the surface of 

part of a first layer "covers" or "has a shape that covers" or 10 the substrate is between the projections of the edges, 

"is over" a part of a second layer if the part of the second A "connected shape" in a thin-rllm structure formed at a 

layer is between the part of the first layer and the surface. surface of a substrate is a part of the structure that is formed 

Similarly, a part of a first layer "extends across" a part of a from a layer and is bounded by an edge that extends between 

second layer if the part of the first layer covers the part of the a first side toward the surface and a second side away from 

second layer. 15 the surface. Parts of the connected shape are "joined " 

An "exposed part" of a first layer that is elsewhere A "channel" is a part of a component through which 

covered by a second layer is a part of the first layer that is electric current can flow. A channel is "conductive" when the 

not covered by the second layer. A third layer that covers the channel is in a state in which current can flow through it 

second layer may "contact" the exposed part of the first 2Q a "channel lead" is a lead that connects to a channel. A 

kyer. channel may, for example, extend between two channel 

An operation "forms" a patterned layer or circuitry in a leads, 

layer by a sequence of one or more operations that produce a "charge carrier" is a real or fictitious particle that can 

a layer that, rather than covering the entire substrate, forms transport charge through a channel to produce a current; 

a pattern. For example, the operation could deposit a layer, 25 electrons and holes are examples of charge carriers, 

use lithographic techniques to form a mask, and etch away A process 'Implants" a dopant if the process causes 

parts of the layer not covered by the mask to form a pattern. particles of the dopant to enter a part of an integrated circuit 

An "integrated circuit" is a circuit formed at a substrate's A dopant « dopes » a part of a layer if the dopant is 

surface by batch processes such as deposition, lithography, implanted in the part. A line is "doped" if it contains an 

etching, oxidation, diffusion, implantation, annealing, and so 30 implanted dopant 

^ 0rt ^" An operation 'forms" an electrical connection by produc- 

A 'lead" is a part of a component at which the component jn g ^ electrical structure through which current can flow 

is electrically connected to other components. A "line" is a between components 

simple component that extends between and electrically A .. switchin elemenr ^ , component mat mcludes a 

connects two or more leads A toe is connected between" 35 chanoel that attends between two thannel leads atid that can 

me component or leadsi rtelectncaUy connects. A lead of a be controUed switch m and low 

component is "connected" to a lead of another component impedance 

when the two leads are electrically connected by a combi- \ ~ . , A . . , , 

nation of leads and lines. In an integrated circuit, leads of A ,s a ^Tf ^1^1 \ 

two components may also be "connected" by being formed 40 ^extaxls between two channel leads, and that ako has a 

as a single lead that is part of both components. ^ ^t^ u 1° g *f ufj? 3 

_ ^ _ * „ „_ , , . „ _ . such that the channel can be switched between high imped- 

The terms 'array" and "cell arerelated: An "array" is an w wd low impedance by signals ^ changeVential 

article of manufacture that includes an arrangement of meKmx between the gate and one of the channel leads, 

cells. For example, a ^c^dimensional I array" or "2D refcrrcd t0 „ ^ . <sourcc ^ AiBDtl lead Aat u not 

array" mcludes an arrangemen of cells in two dimension* « source is rcfetred to ^ ^ .. drain » ^ 

A 2D array of oxemtry may include rows and columns w lt h have ^ called te sourccs> and ^iTanalogy to 

a line for each row and a line for each column. Lines in one transistors 

direction may be "data lines" through which a cell receives A . _ „ . _ .... 

or provides signals that determine eradicate its state. Lines f " ™Z " \*"T " P 

in toe other direction may be "scan lines" through which a * rf, t *^ stroct * e - A "capadtlve element" is a compo- 

cell receives a signal enabling it to receive signals from or nent St0reS 3 V ° ! evd by charge - ca ^ cl ' 

provide signals to its data line. 0 ™ element may include two conductive components, 

hiuyiuc oiguoi^ u^utuue. called "electrodes." separated by an insulating layer, some- 

In an array of circuitry, "cell circuitry" is circuitry con- 1iaei a "dielectric," 

nected to a cell's scan line and data line. - * , ^ ^ «• 

1 „ ; ™ . . , 55 A conductive layer, a conductive line, or another compo- 

A crossing region is a region in which two lines cross, nent includes a "highly conductive metal" when the layer, 

such as a scan line and a data line. line, or component includes a metal that is sufficiently 

A "conductive layer" is a layer formed of conductive conductive that signals can traverse the layer, line, or 

material. component within the switching period of related switching 

An "insulating layer" is a layer formed of a non- so elements and without significant delay due to capacitance. 

conductive material. Aluminum, certain alloys of aluminum, and certain other 

Apart of a layer "has an edge" if another, complementary metals are highly conductive metals in nearly all contexts, 

part of the layer has been removed by one or more processes, while less conductive metals may be highly conductive at 

leaving the part of the layer. The edge is the boundary lower switching speeds. 

between part of a layer and its complementary part A 65 B. General Features 

**widrh" of a part of a layer such as a line is a distance FIGS. 1 and 2 show general features of the invention, 

between two edges. FIG. 1 shows a product with array circuitry in which 
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conductive lines, contact leads, and a capacitor electrode are CI. Product 

all formed in a single layer that includes highly conductive nGS. 3-5 show features of an x-ray sensor array product 

metal. FIG. 2 shows a cross section of the circuitry in FIG. with a structure according to the invention. FIG. 3 shows 

^ layout of circuitry on a surface of the product's substrate. 

Product 10 ia FIG. 1 includes substrate 12 with a surface 5 fig. 4 shows a cross section along line 4-4 inFIG 3 FIG 

at which array ciraiitry 14 is formed. Array circuitry 14 5 shows a ^ section d either of ^ 5 _ 5 ^ nG 3 ; 

includes a patterned conductive layer shown by the cross- _ . 41flA , _ , . , . ^ M 

hatched areas in FIG. I. The patterned conductive layer . ^^J** 00 3 substrate 102 witii array 

includes a highly conductive metal. circuitry 104 and with several kinds of peripheral circuitry, 

The patterned conductive layer includes N conductive l0 ?* u ^& ^ d ^ * ^ corner ? substrate 

lines extending across the surface of substrate 12, where N 10 ?' ™f P^P^ ^° mc ^ s scan ^ contact 

is greater than one. Array circuitry 14 includes units of cell P ads U0 * and lower sides of arra y circuitry 104, 

circuitry along each of the N conductive lines, and FIG. 1 wi,h 3 illustratively showing contact pads for mth scan 

illustratively shows nth conductive line 20 together with ^ 112 and (m+l)th scan line 114 in more detail. The 

some features of a unit of cell circuitry that are formed in the peripheral circuitry also includes data line contact pads 120 

patterned conductive layer. 15 at the left and right sides of array circuitry 104, with FIG. 3 

The cell circuitry shown in FIG. 1 includes first contact illustratively showing contact pads for nth data line 122 and 
lead 22 and second contact lead 24. As indicated by the (n+l)th data line 124 in more detail, 
dashed lines between them, first contact lead 22 and second Cutaway 130 shows aluminum shunt 132 under scan line 
contact lead 24 are at opposite ends of channel 26. Channel 112 providing a highly conductive path for scan signals 
26 is in a layer that includes semiconductor material. When 20 across array circuitry 104. Cutaway 140 similarly shows 
channel 26 is in its conductive state, second contact lead 24 aluminum shunt 142, providing a highly conductive con- 
is electrically connected to nth conductive line 20. nection for the lower electrode of the capacitor of each unit 

Second contact lead 24 joins and is therefore electrically of cell circuitry to ground pads 106, which are held at a 

connected to capacitor electrode 30, also in the patterned constant ground, voltage during operation. Contact leads 

conductive layer. Dashed line 32 shows the outline of 25 150 and 152 are formed in the same conductive layer as data 

another capacitor electrode, formed in another patterned lines 122 and 124, which can similarly include aluminum to 

conductive layer and covered by a capacitor dielectric in an provide highly conductive connections and signal paths. As 

insulating layer and by capacitor electrode 30. Dashed line shown, contact leads 150 and 152 each overlap gate lead 

34 shows the outline of a conductive element that is over 154, which joins gate line 112, so that a thin film transistor 

capacitor electrode 30, separated from capacitor electrode is formed in semiconductor layers between contact leads 150 

30 and other features in the same patterned conductive layer and 152 and gate 154. 

by another insulating layer. Dashed line 36 shows the edge Contact lead 150 joins data line 122, while contact lead 

around an opening in the insulating layer, through which the 152 joins upper electrode 156, which covers lower electrode" 

conductive element contacts capacitor electrode 30 so that 160. Lower electrode 160 joins capacitive line 162, which 

the conductive element is electrically connected to second includes aluminum shunt 142, so that lower electrode 160 is 

contact lead 24 through capacitor electrode 30. held at ground. As shown, electrodes 156 and 160 are 

FIG. 2 shows a cross-section of circuitry 50 at surface 52 slightly offset from each other to ensure that capacitor area, 

of substrate 12, taken along the line labeled 2 — 2 in FIG. 1. and therefore capacitance, will not decrease significantly 

For ease of representation, the cross-hatched features in FIG. ^ despite slight left-right or up-down alignment errors that 

1 are all shown at a uniform level above surface 52, although may occur. 

the level of the features would ordinarily change depending Dashed line 170 shows the boundary around exposed area 

on underlying layers. !72 0 f electrode 156. A passivatinq layer over electrode 156 

Channel 26 is illustratively shown in a level below nth has an opening within dashed line 170. As shown, dashed 
conductive line 20, first contact lead 22, and second contact 43 line 170 can be parallel to the boundary of electrode 156, 
lead 24, although channel 26 could be in a higher level. spaced from the boundary by about 10-15 urn- 
Channel 26 extends between first and second conductive The boundary around the area of the upper conductive 
channel leads 60 and 62, also in a scmiconductive layer, and element jg shown ^ HG . 3 by dots 180) ^ch marking a 
first and second channel conductive leads 60 and 62 are corner of the conductive element As shown, the conductive 
dectrically connected to first and second contact leads 22 ^ element contacts electrode 156 in the entirety of exposed 
and 24, respectively. area 172 and is therefore electrically connected to contact 

Below capacitor electrode 30 is another capacitor elec- lead 152 through electrode 156. As suggested in FIG. 3, the 

trode 70, and electrodes 30 and 70 are separated by capacitor size of exposed area 172 can vary, bnt a larger area may be 

dielectric 72, in an insulating layer. Another insulating layer better because it allows a more robust contact between 

74 extends over conductive line 20, contact leads 22 and 24, 55 electrode 156 and the conductive element Therefore, it may 

channel 26, and capacitor electrode 30, except for an be desirable to make exposed area 172 as large as possible, 

exposed part of capacitor electrode 30 over which an open- As shown, the conductive element of each unit of cell 

ing is defined in insulating layer 74. Conductive element 76 circuitry overlaps scan line 112, aligns with but does not 

also extends over conductive line 20, contact leads 22 and overlap data lines 122 and 124, and is spaced from scan line 

24, channel 26, and capacitor electrode 30. Because of the & u4 . ^ ^g^t avoids introducing noise from scan 

opening in insulating layer 74, conductive element 76 con- Une 114 and data lines 122 and 124 while allowing maxi- 

tacts capacitor electrode 30 and is electrically connected to mization of the conductive element's area. The area of the 

second contact lead 24. conductive element can be rnaximized by reducing the 

C. Implementation spacing between conductive elements of adjacent units to a 

The general features described above could be imple- 65 spacing just sufficient to maintain isolation. A spacing of 

mented in numerous ways in various products. The imple- approximately 10 um has been found sufilcient for this 

mentation described below is an x-ray sensor array. purpose. 
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The cross section in FIG. 4 is taken along line 4—4 in layer of aluminum, and an upper sublayer of titanium 

FIG. 3. FIG. 4 shows layers at surface 200 of substrate 102. tungsten as described above. The edges of lower contact pad 

Afirst conductive layer, a layer of titanium tungsten in the 250 and upper contact pad 252 are approximately aligned, 

current implementation, includes gate lead 154 and lower but alignnient is not critical to formation of good contacts, 

electrode 160. In the illustrated cross section, this conduc- 5 fs long as upper contact pad 252 covers the exposed part of 

tive layer does not include an aluminum shunt layer as iowcr P** **- havc 

mustratedkcutawaysl30andl40mnG.3.Thealiiiiimum away except under ujper contact pad 252. 

shunts run only within the scan Hues and the capacitor lines. Insulating layer 220 of silicon oxynitnde has been cut 

t i *j i u 1 c 'i' a awa Y °y a second etch to expose most of upper contact pad 

Insulating layer 202 a bottom layer of siheon nitride, sccond ctch fa ^ncd after the conduce layer 

covers gate lead 154 and lowe^ » ofJTOh!ls been pattered, so that the layer of ITO over 

features formed in the same conductive layer, including scan i nsu lating layer 220 has been removed in the area over upper 

lines and capacitor lines. Over insulating layer 202 is contact pad 252. 

semiconductive layer 204, a layer of intrinsic amorphous q 2 process 

silicon (a-Si) in which i the TFT channel is formed. Over ^ 6 shows ^ ^ a as described 

seniiconductive layer 204 is msula^g layer 206, a top layer W above in relation to FIGS. 3-5. The process shown in FIG. 

of silicon nitride that forms an island over the channel in 6 ^ very similar t0 that disclosed in copending, coassigned 

layer 204 and also forms an island (not shown) over the U-S> patent application Scr. No. 08/235,009, entitled "Elec- 

crossover region of each scan line in which a data line trically Isolated Pixel Element in a Low Voltage Activated 

crosses over the scan line. Activc Matrix Uqxji & Crystal Display and Method," incor- 

Over layers 204 and 206 is doped semiconductive layer 20 porated herein by reference. Further information about the 
210, a layer of heavily n-doped a-Si mat provides conductive process is set forth in copending, coassigned U.S. patent 
channel leads at each end of the channel in layer 204. As application Ser. No. 08/483,404, entitled "Separately Etch- 
shown, layers 204 and 210 both extend over electrode 160 i ng Insulating Layer for Contacts Within Array and for 
in the current implementation. Peripheral Pads," incorporated herein by reference. 

Over layer 210 is conductive layer 212, which includes a 25 Th e act & box 300 in FIG. 6 begins by preparing a surface 

highly conductive metal such as aluminum. In the current 0 f a gi^s substrate, such as Corning 7059 glass. The act in 

implementation, layer 212 includes a lower sublayer of box 300 can include any necessary cleaning, 

titanium tungsten, a middle sublayer of a l umin u m , and an The act in box 302 then produces the aluminum shunts 

upper sublayer of titanium tungsten. As shown, contact leads 3o illustrated in cutaways 130 and 140 in FIG. 3. The act in box 

150 and 152 and upper electrode 156 are all formed in layer 302 can sputtcr deposit aluminum to a thickness of about 

212, together with data lines as shown in FIG. 3. 800 ^ ^ usc photolithographic techniques to produce a 

Over layer 212 is insulating layer 220, a layer of silicon mask and etch to obtain shunt lines approximately 8 urn 

oxynitnde that acts as a passivation layer. Layer 220 has an wide. 

opening formed in it to expose an area of upper electrode 35 m ^ feox 3(M prices the first patterned conductive 

156, and edge 222 around the opening has a tapered profile ^yer, with scan lines, gate lead 154, lower electrode 160, 

as shown. an( j i ower contact pad 250. The act in box 304 can sputter 

Finally, conductive element 230 is formed in a conductive deposit an alloy of titanium tungsten to a thickness of about 
layer, contacting the exposed part of upper electrode 156. 1200 A, then use photolithographic techniques to produce a 
Conductive element 230 is currently implemented as a layer ^ mast an( j e tch to obtain scan lines approximately 14 urn 
of ITO. Conductive element 230 extends over contact leads w id e 0 ther features as laid out in FIG. 3. 
150 and 152 and the channel in layer 204, and can also The act in box 304 could alternatively use other tech- 
overlap its scan line as shown in FIG, 3. Insulating layer 220 ^ques. For example, the first conductive layer could include 
can be sufficiently thick to prevent conductive element 230 spu tter deposited MoCr, or a multilayered structure of 
from significantly slowing propagation of signals on the 45 alternating layers of Al andTiW, orAl with a dual dielectric 
scan line it overlaps. The size of the opening in insulating capping layer> low temperature deposited SiON 
layer 220 can also be adjusted to provide more space for md high temperature plasma enhanced chemical vapor 
tapering to ensure that conductive element 230 does not deposited (FECVD) SiN. These techniques are discussed in 
crack at edge 222. greater detail in copending, coassigned U.S. patent applica- 

FIG. 5 shows a cross section along either of lines 5 — 5 in 50 tion Ser. Nos. 08/235,008, entitled 'Thin-Film Structure 

FIG. 3. As suggested in FIG. 3, the cross sections of the with Conductive Molybdenum-Chromium Line; 08/234, 

contact pads of the scan lines and the data lines are sub- gc/y, now as tj.S. Pat No. 5,518,805 entitled "Hillock-Free 

stantially identical, so that they provide uniformly posi- Multilayer Metal Lines for High Performance Thin Film 

tioned surfaces for easier connection. Structures; and 08/234,884, now continued as 08/512267 

The first conductive layer of titanium tungsten forms 55 entitled "Dual Dielectric Capping Layers for Hillock Sup- 
lower contact pad 250. As shown, this layer does not include pression in Metal Layers in Thin Film Structures", all of 
an aluminum shunt layer as illustrated in cutaways 130 and which are incorporated by reference. 
140 in FIG. 3. The aluminum shunts run only within the scan The act in box 306 then produces first insulating layer 
lines and the capacitor lines, and do not extend under the 202, conductive semiconductive layer 204, and insulating 
contact pads. 60 i ayer 206 by a sequence of PECVD steps. First insulating 

Insulating layer 202 of silicon nitride, semiconductive layer 202 can be silicon nitride deposited at about 300°-3 80° 

layer 204 of a-Si, and doped semiconductive layer 210 of C. to a thickness of about 3000 A. Semiconductive layer 204 

heavily n-doped a-Si have all been cut away by a first etch can be a layer of intrinsic a-Si that includes 5-12% hydrogen 

to expose most of contact pad 250. Layer 202 extends over and is deposited at about 230°300° C. to a thickness of about 

the edges of lower contact pad 250. 6 5 300-500 A. Insulating layer 206 can be silicon nitride 

Upper contact pad 252 is formed in conductive layer 212, deposited primarily as an etch stop at 200°-250° C to a 

with a lower sublayer of titanium tungsten, a middle sub- thickness of about 1000-1500 A. 
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The act in box 310 patterns insulating layer 206 to 
produce islands as described above in relation to FIG. 3. The 
act in box 310 can use photolithographic techniques to 
produce a self-aligned structure by first exposing a photo- 
resist layer both from the bottom using the first conductive 
layer as a mask and from the top using a photolithographic 
mask and by then etching to remove exposed areas of 
photoresist and then exposed portions of insulating layer 
206. 

The act in box 312 deposits semiconductor layer 210. The 
act in box 312 can deposit heavily n-doped amorphous 
silicon 62 with 0.5-2% phosphorous and 5-15% hydrogen 
at 200°-250° C. to a thickness of about 1000 A. The act in 
box 312 could also optionally include a preliminary etch to 
remove some parts of layer 210. 

The act in box 314 cuts through layers 202, 204, and 210. 
Within array circuitry 104, the act in box 312 can etch down 
to islands over channels in layer 206 and down to layer 202 
where appropriate for isolation. The act in box 312 can, in 
a separate operation, etch through layers 210, 204, and 202 
to expose part of lower contact pad 250. The act in box 314 
can also expose appropriate parts of the capacitor lines to 
allow connection with ground pads 106. 

The act in box 316 produces the second patterned con- 
ductive layer. The act in box 316 can sputter deposit a thin 
layer of titanium tungsten to a thickness of approximately 
500 A, followed by a thicker layer of aluminum to a 
thickness of 4000-5000 A, and capped by a final layer of 
titanium tungsten to a thickness of approximately 500-1000 
A. These three metal layers can be sputter deposited in 
sequence in a chamber without breaking the vacuum 
between depositions. The act in box 316 can then use 
photolithographic techniques to mask and then etch the 
resulting layer, first etching titanium tungsten with HjOj, 
followed by a standard aluminum etch, and finally etching 
titanium tungsten again with H 2 0 T After etching, the second 
patterned conductive layer includes data lines as well as 
contact leads 150 and 152, electrode 156, and upper contact 
pad 252. In addition, the second patterned conductive layer 
connects the capacitor lines with ground pads 106. 

The art in box 318 patterns semiconductor layers 204 and 
210, leaving them only in areas that are covered by the 
second patterned conductive layer. Therefore, the act in box 
318 can etch with the same mask as the act in box 316, but 
using a plasma etch of 10: 1 CFJ0 2 . a <* in box 318 thus 
removes layer 210 from over the channel and gate lead 154. 

The act in box 320 produces second insulating layer 220 
with an opening to expose part of electrode 156. The act in 
box 320 can deposit a passivation material such as silicon 
oxynitride to a thickness of 6000 A or thicker if necessary 
to reduce coupling. The act in box 320 can then use 
photolithographic techniques to mask and then etch the 
resulting layer to produce an opening exposing part of 
electrode 156 in each unit of cell circuitry. This and other 
etches of layer 220 can produce an edge with a tapered 
profile if the etchant also attacks the photoresist mask. 

The act in box 322 produces a patterned layer that forms 
each unit's conductive element 230. The act in box 322 can 
deposit 3TO using reactive sputter techniques in 0.5-1.5% 
0 2 to a thickness of about 500-1000 A. The act in box 322 
can then use photolithographic techniques to mask and then 
etch the resulting layer to produce conductive element 230. 
The act in box 322 can also anneal the conductive elements 
at a temperature of 200°-230° C. for approximately one 
hour. As noted above, the mask used in box 322 can preserve 
spacings of 10 urn between adjacent conductive elements, or 
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any spacing of 3-10 um that is just sufficient to ensure 
isolation between adjacent conductive elements. 

The act in box 324 cuts through to upper contact pad 252. 
The act in box 324 can use photolithographic techniques to 
5 mask and then etch insulating layer 220 to expose upper 
contact pad 252. 

The act in box 326 coats array circuitry 204 with a layer 
of x-ray sensitive material. The act in box 326 can be 
implemented by evaporating an alloy of selenium and 
arsenic to a thickness of 100-400 um, using conventional 
techniques disclosed in U.S. Pat. Nos. 5,320,927 and 4,770, 
965, incorporated herein by reference. Or other x-ray sen- 
sitive materials such as lead iodide or thallium bromide 
could be used. The x-ray sensitive material should not be 
applied to the peripheral circuitry mat includes contact pads. 
C3. Results 

The structure described above has been successfully 
implemented in an 1536x1280 x-ray sensor array with a 
20 pitch for each unit of cell circuitry between 100-150 um and 
with a spacing of approximately 10 um between conductive 
elements of adjacent cells. 

The implementation eliminated any problem with back 
channel charging over the TFT. It resulted in a good yield 
25 when coated with selenium to produce an x-ray sensor array. 
The process proved efficient and yielded well 
C.4. Variations 

The implementation described above provides thin film 
circuitry on an insulating substrate. The invention could be 
30 implemented with other types of circuitry on other types of 
substrates. 

The implementation described above includes array cir- 
cuitry with amorphous silicon TFTs, but the array circuitry 
could include other types of switching elements with chan- 



35 



nels formed of other materials. 



The implementation described above includes a glass 
substrate, but other substrates could be used, such as quartz. 

The implementation described above includes 1536x1280 
units of cell circuitry with a pitch for each unit between 
100-150 um, but other array sizes and pitches could be used. 
For example, the implementation could be used with mate- 
rials like selenium to produce arrays ranging from 8"xl0" 
high resolution arrays with 50-60 um units to 14"xl8" 

45 arrays with 60-100 um units. 

The implementation described above includes layers of 
specified thicknesses, produced from specified materials by 
specified processes, but other thicknesses could be 
produced, and other materials and processes could be used, 

50 such as thinner semiconductor and insulating layers to 
improve TFT performance or to increase storage capaci- 
tance. Rather than a-Si, other semiconductor materials could 
be used in the semiconductor layers, including but not 
limited to poly-Si, SiGe, CdSe, or a composite layer of 

55 poly-Si and SiGe, Similarly, various conductive materials 
could be used in the scan lines and data lines, including but 
not limited to Al, ITO, MoTa, Cr, MoCr, Ta, Cu, Ti, TiN, and 
organic conductive materials. Rather than using selenium as 
an x-ray sensitive material, lead iodide or thallium bromide 

60 could be used 

The implementation described above provides an x-ray 
sensor array, but the array could sense radiation in other 
frequency bands. For example, an a-Si photosensitive layer 
could be deposited over the conductive element, along lines 

65 described in copending, coassigned U.S. Patent Application 
No. 08/483,406, entitled "Improved Solid State Sensor 
Array," incorporated herein by reference. 
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The implementation described above provides a sensor 
array, but the array could provide a reflective display, with 
the conductive elements including a very reflective metal 
such as aluminum, silver, or dielectric coated aluminum. 

The implementation described above provides a silicon 
oxynitride insulating layer over a highly conductive metal 
layer, but other materials, such as silicon oxide or silicon 
nitride, could be used. 

The implementation described above provides a conduc- 
tive element of ITO, which is appropriate in an x-ray sensor 
array with a selenium coating because it provides a blocking 
contact that blocks injection of charge carriers into the 
selenium coating at high voltages. Further, 1TO is 
transparent, which may be useful in certain applications. But 
other materials could be used. A refractory metal, such as 
chromium, titanium, tungsten, or molybdenum, or their 
alloys, could be used to prevent interaction between the 
upper capacitor electrode and a semiconductor transducer 
layer over the conductive elements. As noted above, a 
reflective metal layer could be used in a reflective display. 
Or a heavily doped conductive semiconductor layer could be 
used with a semiconductor transducer layer to block charge 
injection into the semiconductor transducer layer. 

The implementation described above includes layers in a 
specific sequence, but the sequence of layers could be 
modified, such as by adding an optional etch of the doped 
semiconductor layer as noted above. 

The implementation described above includes units of cell 
circuitry laid out in a particular way, but many other layouts 
could be used, with components arranged differently. 

FIG. 7 shows one variation in layout that could be used to 
prevent a conductive element from receiving noise from its 
scan line or data line. The components in FIG. 7 have the 
same reference numerals as in FIG. 3, with mth scan line 112 
joining gate lead 154, with nth data line 122 joining contact 
lead 150, and with contact lead 152 joining electrode 156. 

Dashed line 350 shows the outline of the conductive 
element As shown, dashed line 350 is offset from scan line 
112 and from data line 122. In addition, dashed line 350 is 
slightly offset from the outline of gate lead 154 and also 
from the outline of contact lead 152 such that the conductive 
element does not extend over the channel, over any part of 
gate lead 154 that is not covered by contact lead 152, or over 
any part of contact lead 150. 

Offsets like those shown in FIG. 7 may be useful in 
reducing noise in signals. In particular, for high fidelity, such 
as to reduce image artifacts below 1% of signal, noise 
reduction may be an important consideration. 

For example, scan line 112 and gate lead 154 experience 
large voltage swings such as 20V, large enough to generate 
charge carriers that feed through a passivation layer, which 
could result in direct injection of charge carriers into a 
conductive element If the readout electronics must accom- 
modate too large a fraction of feed-through charge, the 
dynamic range of sensing could be reduced, and the readout 
electronics might even be overloaded. 

Similarly, data line 122 and contact lead 150 and any 
overlap of a conductive element with data lines of adjacent 
units of cell circuitry could produce cross talk because 
signals of different units could couple capacitively. TTie 
thickness of the passivation layer may be inadequate to 
prevent capacitive coupling. 

D. Applications 

The invention could be applied in many ways, including 
arrays for sensors of various bands of radiation and for 
reflective LCD displays. 



A small, high resolution x-ray sensor array could be used 
for mammographic imaging, while a larger, low resolution 
x-ray sensor array could be used as a film replacement in 
other diagnostic radiology applications, 
s E. Miscellaneous 

Although the invention has been described in relation to 
various implementations, together with modifications, 
variations, and extensions thereof, other implementations, 
modifications, variations, and extensions are within the 
10 scope of the invention. The invention is therefore not limited 
by the description contained herein or by the drawings, but 
only by the claims. 

What is claimed is: 

1. A product comprising: 

a substrate with a surface at which circuitry can be 
formed; 

array circuitry formed at the surface of the substrate, the 

array circuitry comprising: 
N conductive lines extending across the surface of the 
substrate, where N is an integer greater than one; and 
along each of the N conductive lines, one or more units of 
cell circuitry; each unit of cell circuitry comprising: 
a switching element; the switching element comprising 
first and second conductive channel leads, a channel 
extending between the first and second conductive 
channel leads, and first and second contact leads; the 
first and second conductive channel leads and the 
channel comprising semiconductor material; the first 
and second contact leads comprising highly conduc- 
tive metal; the second contact lead being electrically 
connected to the second conductive channel lead and 
the first contact lead being electrically connected 
between the first conductive channel lead and the 
conductive line so that the channel provides an 
electrical connection between the second contact 
lead and the conductive line when the channel is in 
a conductive state; 
a capacitive element having a first electrode, a second 
electrode, and a capacitor dielectric between the first 
and second electrodes; the second electrode being 
electrically connected to the second contact lead; and 
a conductive element electrically connected to the 
second electrode; 
the array circuitry further comprising: 
a first patterned conductive layer that includes the first 

electrode of each unit of cell circuitry; 
a first insulating layer; the capacitor dielectric of each 
unit of cell circuitry including a part of the first 
insulating layer, the capacitor dielectric covering the 
first electrode; 
a second patterned conductive layer that comprises 
highly conductive metal other than indium tin oxide; 
the second patterned conductive layer including the 
N conductive lines and the first and second contact 
leads and the second electrode of each unit of cell 
circuitry; the second contact lead and the second 
electrode being joined in the second patterned con- 
ductive layer; the second electrode covering the 
capacitor dielectric; 
a second insulating layer that extends over the second 
electrode of each unit of cell circuitry; the second 
insulating layer covering the second electrode except 
in an exposed part of the second electrode; the 
second insulating layer having an opening defined 
therein over the exposed part; and 
a third patterned conductive layer over the second 
insulating layer; the third patterned conductive layer 
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being a layer of indium tin oxide; the third patterned 
conductive layer including the conductive element of 
each unit of cell circuitry; the conductive element 
extending over the second electrode; the conductive 
element contacting the exposed part of the second 5 
electrode so that the conductive element is electri- 
cally connected to the second contact lead through 
the second electrode. 

2. The product of claim 1 in which the second insulating 
layer further extends over the first and second contact leads 10 
and the channel of each unit of cell circuitry; the conductive 
element of each unit of cell circuitry further extending over 
the first and second contact leads and the channel of the unit 

of cell circuitry. 

3. The product of claim 1, further comprising: 15 
a transducer element positioned along the conductive 

element of each unit of cell circuitry along each con- 
ductive line for receiving signals from the conductive 
line through the unit of cell circuitry or for providing 
signals to the conductive line through the unit of cell 20 
circuitry. 

4. The product of claim 3 in which the transducer element 
is for providing signals to the conductive line that indicate 
electromagnetic radiation. 

5. The product of claim 4 in which the transducer element 25 
is for providing signals to the conductive line that indicate 
x-ray radiation. 

6. The product of claim 5 in which the transducer element 
comprises selenium, 

7. The product of claim 1 in which the substrate is an 30 
insulator. 

8. The product of claim 7 in which the substrate is glass. 

9. The product of claim 1 in which the highly conductive 
metal is aluminum 

10. The product of claim 9 in which the second patterned 35 
conductive layer further comprises an alloy of titanium and 
tungsten. 

11. The product of claim 1 in which the second patterned 
conductive layer includes first and second sublayers; the first 
sublayer including highly conductive metal; the second 40 
sublayer including a refractory metal different than the 
highly conductive metal. 

12. The product of claim 1 in which the second insulating 
layer comprises silicon oxynitride. 

13. The product of claim 1 in which the second insulating 45 
layer has an edge around the opening defined therein; the 
edge having a tapered profile. 

14. Hie product of claim 1 in which the first and second 
conductive channel leads and the channel comprise amor- 
phous silicon, 50 

15. A product comprising: 

a substrate with a surface at which circuitry can be 
formed; 

array circuitry formed at the surface of the substrate, the 55 
array circuitry comprising: 

a set of M scan lines, where M is an integer greater than 
one; each of the scan lines extending approximately in 
a first direction across the surface of the substrate; 

a set of N" data lines, where N is an integer greater than 50 
one; each of the N data lines extending approximately 
in a second direction across the surface of the first 
substrate; the second direction being different than the 
first direction so that each of the N data lines crosses 
each of the M scan lines in a crossing region; and 55 

for each combination of an mth one of the M scan lines 
and an nth one of the N data lines, (mxn)th cell circuitry 
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near the crossing region where the nth data line crosses 
the mth scan line; the (mxn)th cell circuitry being 
connected for receiving signals from the mth scan line 
and for receiving signals from or providing signals to 
the nth data line; the mth and (m-fl)th ones of the scan 
lines and the nth and (n+l)th ones of the data lines 
bounding a cell area; the (mxn)th cell circuitry com- 
prising: 

a switching element; the switching element comprising 
first and second conductive channel leads, a channel 
extending between the first and second conductive 
channel leads, first and second contact leads, and a gate 
lead; the first and second conductive channel leads and 
the channel comprising semiconductor material; the 
first and second contact leads and the gate lead com- 
prising highly conductive metal; the gate lead being 
positioned along the channel and being electrically 
connected to the mth scan line so that a signal on the 
mth scan line controls conductivity of the channel; the 
second contact lead being electrically connected to the 
second conductive channel lead and the first contact 
lead being electrically connected between the first 
conductive channel lead and the nth data line so that the 
channel provides an electrical connection between the 
second contact lead and the nth data line when the 
channel is in a conductive state; 

a capacitive element having a first electrode, a second 
electrode, and a capacitor dielectric between the first 
and second electrodes; the second electrode being 
electrically connected to the second contact lead; and 
. a conductive element electrically connected to the second 
electrode; 

the array circuitry further comprising: 

a first patterned conductive layer that comprises highly 
conductive metal; the first patterned conductive layer 
including the M scan lines and the gate lead and the first 
electrode of each unit of cell circuitry; the gate lead of 
the (mxn)th cell circuitry and the mth scan line being 
joined in the first patterned conductive layer; 

a first insulating layer; the capacitor dielectric of each unit 
of cell circuitry including a part of the first insulating 
layer; the capacitor dielectric covering the first elec- 
trode; 

a second patterned conductive layer that comprises highly 
conductive metal; the second patterned conductive 
layer including the N data lines and the first and second 
contact leads and the second electrode of each unit of 
cell circuitry; the first contact lead of the (mxn)th cell 
circuitry and the nth data line being joined in the second 
patterned conductive layer; the second contact lead and 
the second electrode being joined in the second pat- 
terned conductive layer; the second electrode covering 
the capacitor dielectric; 

a second insulating layer that extends over the second 
electrode of each unit of cell circuitry; the second 
insulating layer covering the second electrode except in 
an exposed part of the second electrode; the second 
insulating layer having an opening defined therein over 
the exposed part; and 

a third patterned conductive layer over the second insu- 
lating layer; the third patterned conductive layer includ- 
ing the conductive clement of each unit of cell cir- 
cuitry; the conductive element extending over the the 
second electrode; the conductive element contacting 
the exposed part of the second electrode so that the 
conductive element is electrically connected to the 
second contact lead through the second electrode; 
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mth and (mfl)th ones of the M scan lines and nth and 
(n+l)th ones of the N data lines bounding a cell area; 
the conductive element of the (mxn)th unit of cell 
circuitry extending beyond the cell area to overlap the 
mth scan line; the conductive element of the (mxn)th 5 
unit of cell circuitry being aligned with but not over- 
lapping the nth and the (n+l)th data lines; the conduc- 
tive element of the (mxn)th unit of cell circuitry being 
spaced from the (m-l-l)th scan line. 

16. A product comprising: 

a substrate with a surface at which circuitry can be 
formed; 

array circuitry formed at the surface of the substrate, the 
array circuitry comprising: 

a set of M scan lines, where M is an integer greater than 5 
one; each of the scan lines extending approximately in 
a first direction across the surface of the substrate; 

a set of N data lines, where N is an integer greater than 
one; each of the N data lines extending approximately 
in a second direction across the surface of the first 
substrate; the second direction being different than the 20 
first direction so that each of the N data lines crosses 
each of the M scan lines in a crossing region; and 

for each combination of an mth one of the M scan lines 
and an nth one of the N data lines, (mxn)th cell circuitry 
near the crossing region where the nth data line crosses 25 
the mth scan line; the (mxn)th cell circuitry being 
connected for receiving signals from the mth scan line 
and for receiving signals from or providing signals to 
the nth data line; the mth and (m+l)th ones of the scan 
lines and the nth and (n+l)th ones of the data lines 30 
bounding a cell area; the (mxn)th cell circuitry com- 
prising: 

switching element; the switching element comprising first 
and second conductive channel leads, a channel extend- 
ing between the first and second conductive channel 35 
leads, first and second contact leads, and a gate lead; the 
first and second conductive channel leads and the 
channel comprising semiconductor material; the first 
and second contact leads and the gate lead comprising 
highly conductive metal; the gate lead being positioned w 
along the channel and being electrically connected to 
the mth scan line so that a signal on the mth scan line 
controls conductivity of the channel; the second contact 
lead being electrically connected to the second conduc- 
tive channel lead and the first contact lead being ^ 
electrically connected between the first conductive 
channel lead and the nth data line so that the channel 
provides an electrical connection between the second 
contact lead and the nth data line when the channel is 
in a conductive state; 5Q 

a capacitive element having a first electrode, a second 
electrode, and a capacitor dielectric between the first 
and second electrodes; the second electrode being 
electrically connected to the second contact lead; and 

a conductive element electrically connected to the second 55 
electrode; 

the array circuitry further comprising: • 

a first patterned conductive layer that comprises highly 
conductive metal; the first patterned conductive layer 
including the M scan lines and the gate lead and the first 60 
electrode of each unit of cell circuitry; the gate lead of 
the (mxn)th cell circuitry and the mth scan line being 
joined, in the first patterned conductive layer; 

a first insulating layer; the capacitor dielectric of each unit 
of cell circuitry including a part of the first insulating 65 
layer; the capacitor dielectric covering the first 
electrode; 
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a second patterned conductive layer that comprises highly 
conductive metal other than indium tin oxide; the 
second patterned conductive layer including the N data 
lines and the first and second contact leads and the 
second electrode of each unit of cell circuitry; the first 
contact lead of the (mxn)th cell circuitry and the nth 
data line being joined in the second patterned conduc- 
tive layer, the second contact lead and the second 
electrode being joined in the second patterned conduc- 
tive layer; 

the second electrode covering the capacitor dielectric; 

a second insulating layer that extends over the second 
electrode of each unit of cell circuitry; the second 
insulating layer covering the second electrode except in 
an exposed part of the second electrode; the second 
insulating layer having an opening defined therein over 
the exposed part; and 

a third patterned conductive layer over the second insu- 
lating layer; the third patterned conductive layer being 
a layer of indium tin oxide; the third patterned conduc- 
tive layer including the conductive element of each unit 
of cell circuitry; the conductive element extending over 
the the second electrode; the conductive element con- 
tacting the exposed part of the second electrode so that 
the conductive element is electrically connected to the 
second contact lead through the second electrode. 

17. The product of claim 16 in which the first and second 
directions are perpendicular. 

18. The product of claim 16 in which the array circuitry 
defines a two-dimensional array. 

19. The product of claim 16 in which mth and (m+l)th 
ones of the M scan lines and nth and (n+l)th ones of the N 
data lines bound a cell area; the conductive element of the 
(mxn)th unit of cell circuitry extending beyond the cell area 
to overlap the mth scan line. 

20. The product of claim 19 in which the conductive 
element of the (mxn)th unit of cell circuitry is separated 
from the conductive element of an adjacent unit of cell 
circuitry by a spacing just sufficient for electrical isolation. 

21. The product of claim 20 in which the second insulat- 
ing layer is sufficiently thick that coupling between the 
conductive element and the mth scan line does not signifi- 
cantly slow propagation of signals on the mth scan line. 

22. The product of claim 16 in which mth and (m+l)th 
ones of the M scan lines and nth and (n+l)th ones of the N 
data lines bound a cell area; the conductive element of the 
(mxn)th unit of cell circuitry being offset inward from cell 
area's boundary sufficiently to avoid receiving noise caused 
by signals on the mth and (m+l)th scan lines and nth and 
(n+l)th data lines. 

23. An x-ray sensor comprising: 

a substrate with a surface at which circuitry can be 
formed; 

array circuitry formed at the surface of the substrate, the 
array circuitry comprising: 

N conductive lines extending across the surface of the 
substrate, where N is an integer greater than one; and 

along each of the N conductive lines, one or more units of 
cell circuitry; each unit of cell circuitry comprising: 

a switching element; the switching element comprising 
first and second conductive channel leads, a channel 
extending between the first and second conductive 
channel leads, and first and second contact leads; the 
first and second conductive channel leads and the 
channel comprising semiconductor material; the first 
and second contact leads comprising highly conductive 
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metal; the second contact lead being electrically con- 
nected to the second conductive channel lead and the 
first contact lead being electrically connected between 
the first conductive channel lead and the conductive 
line so that the channel provides an electrical connec- 
tion between the second contact lead and the conduc- 
tive line when the channel is in a conductive state; 

a capacitive element having a first electrode, a second 
electrode, and a capacitor dielectric between the first 
and second electrodes; the second electrode being 
electrically connected to the second contact lead; and 

a conductive element electrically connected to the second 
electrode; 

the array circuitry further comprising: 

a first patterned conductive layer that includes the first 
electrode of each unit of cell circuitry; 

a first insulating layer; the capacitor dielectric of each unit 
of cell circuitry including a part of the first insulating 
layer; the capacitor dielectric covering the first elec- 
trode; 

a second patterned conductive layer that comprises highly 
conductive metal other than indium tin oxide; the 
second patterned conductive layer including the N 
conductive lines and the first and second contact leads 
and the second electrode of each unit of cell circuitry; 
the second contact lead and the second electrode being 
joined in the second patterned conductive layer; the 
second electrode covering the capacitor dielectric; 

a second insulating layer that extends over the first and 
second contact leads, the channel, and the second 
electrode of each unit of cell circuitry; the second 
insulating layer covering the second electrode except in 
an exposed part of the second electrode; the second 
insulating layer having an opening defined therein over 
the exposed part; and 

a third patterned conductive layer over the second insu- 
lating layer; the third patterned conductive layer being 
a layer of indium tin oxide; the third patterned conduc- 
tive layer including the conductive element of each unit 
of cell circuitry; the conductive element extending over 
the first and second conductive channel leads, the 
channel, and the second electrode; the conductive ele- 
ment contacting the exposed part of the second elec- 
trode so that the conductive element is electrically 
connected to the second contact lead through the sec- 
ond electrode; and 

an x-ray sensitive material covering the conductive ele- 
ments of the units of cell circuitry; the x-ray sensitive 50 
material producing charge carriers in response to x-ray 
radiation so that the conductive element of each unit of 
cell circuitry receives a quantity of charge carriers from 
a region of the x-ray sensitive material indicating 
intensity of x-ray radiation received by the region. 

24. The x-ray sensor of claim 21 in which the x-ray 
sensitive material comprises selenium. 

25. A product comprising: 

a substrate with a surface at which circuitry can be 
formed; 

array circuitry formed at the surface of the substrate, the 

array circuitry comprising: 
N conductive lines extending across the surface of the 

substrate, where N is an integer greater than one; and 
along each of the N conductive lines, one or more units of 

cell circuitry; each unit of cell circuitry comprising: 



a switching element; the switching element comprising 
first and second conductive channel leads, a channel 
extending between the first and second conductive 
channel leads, and first and second contact leads; the 
first and second conductive channel leads and the 
channel comprising semiconductor material; the first 
and second contact leads comprising highly conductive 
metal; the second contact lead being electrically con- 
nected to the second conductive channel lead and the 
first contact lead being electrically connected between 
the first conductive channel lead and the conductive 
line so that the channel provides an electrical connec- 
tion between the second contact lead and the conduc- 
tive line when the channel is in a conductive state; 
a capacitive element having a first electrode, a second 
electrode, and a capacitor dielectric between the first 
and second electrodes; the second electrode being 
electrically connected to the second contact lead; and 
a conductive element electrically connected to the second 

electrode; 
the array circuitry further comprising: 
a first patterned conductive layer that includes the first 

electrode of each unit of cell circuitry; 
a first insulating layer, 

a first semiconductor layer that includes the channel of 

each unit of cell circuitry; 
a second semiconductor layer that includes the first and 
second conductive channel leads of each unit of cell 
circuitry; 

a second patterned conductive layer that comprises highly 
conductive metal; the second patterned conductive 
layer including the N conductive lines and the first and 
second contact leads and the second electrode of each 
unit of cell circuitry; the second contact lead and the 
second electrode being joined in the second patterned 
conductive layer; the second electrode covering the 
capacitor dielectric; 
a second insulating layer that extends over the second 
electrode of each unit of cell circuitry; the second 
insulating layer covering the second electrode except in 
an exposed part of the second electrode; the second 
insulating layer having an opening denned therein over 
the exposed part; and 
a third patterned conductive layer over the second insu- 
lating layer; the third patterned conductive layer includ- 
ing the conductive element of each unit of cell cir- 
cuitry; the conductive element extending over the 
second electrode; the conductive element contacting 
the exposed part of the second electrode so that the 
conductive element is electrically connected to the 
second contact lead through the second electrode; 
the first insulating layer including a part that is over the 
first electrode of each unit of cell circuitry; the capaci- 
tor dielectric of each unit of cell circuitry including the 
part of the first insulating layer; the first semiconductor 
layer extending from the channel to include a part that 
is over the part of the first insulating layer; the second 
semiconductor layer extending from the second con- 
ductive channel lead to include a part that is over the 
part of the first semiconductor layer; the second elec- 
trode being over the part of the second semiconductor 
layer. 

26. The product of claim 25 in which the third patterned 
^ conductive layer comprises indium tin oxide. 
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